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SEMICONDUCTOR CHIP MOUNTING APPARATUS AND MOUNTING METHOD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to semiconductor 
chip mounting apparatus and mounting method for mounting 
a semiconductor chip on a semiconductor package or other 
substrate by flip-chip bonding. 

2. Description of the Related Art 
[0002] A conventional method of mounting a 
semiconductor chip on a semiconductor package or other 
substrate by flip-chip bonding will be explained using 
FIGS. 7 to 9. FIGS. 7 to 9 are views explaining the 
conventional method for mounting a semiconductor chip Y 
comprised of silicon on a package X serving as a 
substrate. 

[0003] In the conventional method of mounting a 
semiconductor chip, as shown in FIG. 7, a holder 80 
clamps and holds a semiconductor chip Y and conveys it 
above the package X serving as the substrate carried on a 
stage 82. Next, a mirror 86 is inserted between the 
semiconductor chip Y and package X and arranged so that 
the surface of the mirror 86 forms an angle of 45 degrees 
with the surface of the semiconductor chip Y so as to 
capture the patterns formed on the bonding surface of the 
semiconductor chip Y at a camera 84 provided horizontally 
at the side of the stage 82. A not shown controller to 
which the camera 84 is connected stores the image of the 
protected patterns. 

[0004] Next, as shown in FIG. 8, the mirror 86 is 
rotated clockwise 90 degrees in the figure to capture the 
patterns formed on the semiconductor chip mounting area 
on the top surface of the package X at the camera 84. The 
controller compares the image of the patterns of the 
semiconductor chip Y stored and the image of the patterns 
of the package X captured and based on this controls a 
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not shown drive unit to move the stage 82 in the 
horizontal direction and thereby match with the mounting 
position of the semiconductor chip Y on the package X. 
[0005] Next, as shown in FIG, 9, the mirror 86 is 
taken away, the semiconductor chip Y is lowered, released 
from clamping by the holder 80, and placed on the 
semiconductor chip mounting area of the package X, and a 
not shown heating means is used to heat the semiconductor 
chip Y so as to cause the bumps formed on the bonding 
surface of the semiconductor chip Y to reflow and bond 
the semiconductor chip to the package X. 
[0006] Summarizing the problems to be solved by the 
invention, with the conventional method of mounting a 
semiconductor chip, it is difficult to maintain the 
accuracy of the angle of the mirror arranged between the 
semiconductor chip Y and package X. A slight deviation in 
angle of the mirror 86 easily results in the mounting 
position of the semiconductor chip Y on the package X 
deviating. 

[0007] Further, after arranging and positioning the 
mirror 86 between the semiconductor chip Y and the 
package X, the semiconductor chip Y is moved above the 
package X, so after positioning, the distance of movement 
of the semiconductor chip Y is large. Therefore, there is 
the problem that the mounting position of the 
semiconductor chip Y on the package X ends up deviating 
according to the accuracy of the unit for moving the 
semiconductor chip Y. 

SUMMARY OF THE INVENTION 
[0008] An object of the present invention is to 
provide a semiconductor chip mounting apparatus and 
mounting method with a good positional accuracy when 
mounting a semiconductor chip on a package. Another 
object is to provide a semiconductor chip mounting 
apparatus and mounting method with a good efficiency and 
low cost. 

[0009] To attain the above object, according to a 
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first aspect of the present invention, there is provided 
a semiconductor chip mounting apparatus for mounting a 
semiconductor chip on a substrate by flip-chip bonding 
comprising a stage on which the substrate is carried, a 
visible light source for directly illuminating the 
substrate from above the stage, a semiconductor chip 
conveying means for holding from one surface the 
semiconductor chip comprised of silicon formed to a 
thickness through which visible light can pass and 
conveying it on the substrate carried on the stage, a 
capturing means arranged at a position facing the stage 
and capturing visible light passing through the 
semiconductor chip held by the semiconductor chip 
conveying means so as to capture patterns formed on the 
substrate carried on the stage and the semiconductor 
chip, and a positioning means for positioning the 
semiconductor chip on the substrate based on the patterns 
of the substrate and the semiconductor chip captured by 
the capturing means, 

[0010] Preferably the thickness of the semiconductor 
chip is 5 to 20 (xm. 

[0011] According to this, since the visible light 
passing through the semiconductor chip is captured so as 
to capture the patterns of the substrate and the patterns 
of the semiconductor chip, it is possible to position the 
substrate and the semiconductor chip and position them 
accurately in a state with the two patterns brought into 
close proximity and superposed. 

[0012] Preferably, the visible light includes light of 
a wavelength of 660 to 760 nm. According to this, it is 
possible for the visible light to more easily pass 
through the semiconductor chip and for a sufficient 
positional accuracy to be obtained. Lights of a 
wavelength of less than 660 nm are easily absorbed by the 
semiconductor chip and are difficult to pass 
therethrough. On the other hand, lights of a wavelength 
of more than 760 nm cannot ensure sufficient positional 
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accuracy. 

[0013] Preferably, the semiconductor chip conveying 
means clamps and holds the semiconductor chip at a 
plurality of locations. According to this, the force for 
holding the semiconductor chip is dispersed among a 
plurality of locations and the semiconductor chip held by 
the semiconductor chip conveying means will not warp in 
shape. 

[0014] Preferably, the semiconductor chip conveying 
means has a transparent part through which visible light 
passes up to the held semiconductor chip. According to 
this, it is possible to capture visible light passing 
through the semiconductor chip by a capturing means 
without being blocked by the semiconductor chip conveying 
means . 

[0015] According to a second aspect of the present 
invention, there is provided a semiconductor chip 
mounting method for mounting a semiconductor chip on a 
substrate by flip-chip bonding including the steps of 
holding a semiconductor chip comprised of silicon formed 
to a thickness passing visible light by a semiconductor 
chip conveying means from one surface and conveying it on 
a substrate carried on a stage, directly illuminating the 
substrate with visible light from above the stage, 
capturing visible light passing through the semiconductor 
chip by a capturing means arranged at a position facing 
the stage and thereby capturing patterns formed by the 
substrate and the semiconductor chip and positioning the 
semiconductor chip on the substrate based on the 
patterns, and attaching the semiconductor chip to the 
mounting position on the substrate. 

[0016] Preferably f the thickness of the semiconductor 
chip is 5 to 20 (urn. According to this, since the visible 
light passing through the semiconductor chip is captured 
so as to capture the patterns of the substrate and the 
patterns of the semiconductor chip, it is possible to 
position the substrate and the semiconductor chip and 
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position them accurately in a state with the two patterns 
brought into close proximity and superposed. 
[0017] Preferably, the visible light includes light of 
a wavelength of 660 to 760 nm. According to this, it is 
possible for the visible light to more easily pass 
through the semiconductor chip and for a sufficient 
positional accuracy to be obtained. 

[0018] Preferably, the semiconductor chip conveying 
means clamps and holds the semiconductor chip at a 
plurality of locations. According to this, the force for 
holding the semiconductor chip is dispersed among a 
plurality of locations and the semiconductor chip held by 
the semiconductor chip conveying means will not warp in 
shape . 

[0019] Preferably, the semiconductor chip conveying 
means has a transparent part through which visible light 
passes up to the held semiconductor chip and the 
positioning step passes visible light passing through the 
semiconductor chip through the transparent part and 
captures it by the capturing means. According to this, it 
is possible to capture visible light passing through the 
semiconductor chip by a capturing means without being 
blocked by the semiconductor chip conveying means . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0020] These and other objects and features of the 
present invention will become clearer from the following 
description of the preferred embodiments given with 
reference to the attached drawings, wherein: 

FIG. 1 is a view of a semiconductor chip mounting 
apparatus according to the present invention; 

FIG. 2 is a plan view of a holding surface of a 
holder of a semiconductor chip conveying means; 

FIG. 3 is a side sectional view of a holder of a 
semiconductor chip conveying means; 

FIG. 4 is a side sectional view of a holder of a 
semiconductor chip conveying means, 

FIG. 5 is a plan view of a bonding surface of a 
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semiconductor chip to a substrate (package); 

FIG. 6 is a graph of the relationship between a 
thickness of silicon and a transmittance rate of visible 
light; 

FIG. 7 is a view of a conventional semiconductor 
chip mounting apparatus and mounting method; 

FIG. 8 is a view of a conventional semiconductor 
chip mounting apparatus and mounting method; and 

FIG. 9 is a view of a conventional semiconductor 
chip mounting apparatus and mounting method. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0021] Preferred embodiments of the present invention 
will be described in detail below while referring to the 
attached figures. 

[0022] FIG. 1 is a view explaining the configuration 
of a semiconductor chip mounting apparatus according to a 
first embodiment. The semiconductor chip mounting 
apparatus according to this embodiment is for mounting a 
semiconductor chip C made of silicon on a package P 
serving as a substrate by flip-chip bonding. The 
semiconductor chip mounting apparatus according to the 
present invention , as shown in FIG. 1, is provided with a 
stage 2 for holding a package P, a visible light source 
14 for directly illuminating the package (substrate) P 
from above the stage 2, a semiconductor chip conveying 
means 4 for holding from one surface the semiconductor 
chip C formed to a thickness passing visible light and 
conveying it above the package P held on the stage 2, a 
camera 6 serving as a capturing means arranged at a 
position facing the stage 2, and a controller 12 provided 
with a CPU. 

[0023] The stage 2 is formed on its top surface with a 
carrying surface for carrying the package P. Not shown 
pins etc. are used to attach the package P on the 
carrying surface and hold the package P. The stage 2 is 
provided to be able to freely move in the plane formed by 
the carrying surface by a drive unit 8 controlled by the 
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controller 12. 

[0024] The semiconductor chip conveying means 4 is 
comprised of a holder 4a for clamping and holding a 
semiconductor chip C formed to a thickness passing 
visible light , an arm 4b extending from the holder 4a and 
formed inside it with a cavity through which air for 
clamping the semiconductor chip C passes, a drive unit 4c 
for moving the semiconductor chip C held by the holder 4a 
through the arm 4b, and a clamping device 4d for sucking 
the air in the arm 4b, The drive unit 4c and clamping 
device 4d are controlled by the controller 12. 
[0025] The holder 4a is moved via the arm 4b by the 
drive unit 4c. The holder 4a is provided movably, by the 
drive unit 4c, over the semiconductor chip mounting area 
Pa of the package P carried on the stage 2 from inside 
the tray 10 where the semiconductor chips C before 
placement on the stage 2 are carried. Note that the outer 
circumference of the tray 10 is formed with a wall 10a 
for shielding so that the semiconductor chips C carried 
are not blown off. 

[0026] A view of the surface 4aa (bottom surface) of 
the holder 4a for holding the semiconductor chips C is 
shown in FIG. 2. The holding surface 4aa of the holder 4a 
is formed with a plurality of holes 4ab over 
substantially its entire surface. As shown in FIG. 3 
(side sectional view along line A of holder 4a), the 
holes 4ab communicate with the cavity in the arm 4b. 
Therefore, by the clamping device 4d drawing out the air 
inside the arm 4b, the air is sucked in from the holes 
4ab. It is possible to clamp one surface of the 
semiconductor chip C at a plurality of locations over the 
entire surface and hold the semiconductor chip C by 
making it stick to the holding surface 4aa. Note that the 
holder 4a is not limited to this type. For example, by 
forming it from porous body such as a porous ceramic 
substrate and sucking the air from the top surface of the 
porous body to make the pores negative in pressure, it is 
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possible to make the semiconductor chip C stick to and be 
held at the bottom surface of the porous body. 
[0027] Further, as shown in FIG. 2 and FIG- 4, the 
holder 4a of the semiconductor chip conveying means 4 is 
provided with a plurality of transparent parts 4e made of 
glass etc* passing visible light up to the held 
semiconductor chip C. The transparent parts 4e are for 
allowing visible light passing through the semiconductor 
chip C held at the holder 4a to reach the camera 6. 
[0028] FIG. 5 is an explanatory plan view seen from 
the bonding surface with a package P of a semiconductor 
chip C attached to a package P by a semiconductor chip 
mounting apparatus of the present invention. The bonding 
surface of the semiconductor chip C is formed with bumps 
Cb made of solder etc. for attaching to the semiconductor 
chip C to the semiconductor chip mounting area Pa of the 
package P. Further, the bonding surface is formed with 
cross-shaped marking patterns Ca serving as patterns used 
for positioning of the mounting position of the 
semiconductor chip C on the package P. The marking 
patterns Ca are arranged to be positioned on the 
transparent parts 4e when the semiconductor chip C is 
held by the holder 4a. On the other hand, the 
semiconductor chip mounting area Pa of the package P, as 
shown in FIG. 1, is formed with pads Pc to which the 
bumps Cb of the semiconductor chip C are connected. 
Further, it is formed with cross-shaped marking patterns 
Pb serving as patterns for positioning of the mounting 
position of the semiconductor chip matching with the 
marking patterns Ca of the semiconductor chip C. 
[0029] Note that the marking pattern Ca may also be 
formed not on the bonding surface, but the opposite 
surface where the interconnect patterns of the 
semiconductor chip C are formed. Further, the marking 
patterns Ca and Pb are not limited to cross shapes and 
may be any shapes able to be used for positioning. 
Further, the marking patterns Ca and Pb may be formed by 
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printing or parts of the interconnect patterns formed on 
the semiconductor chip C and package P may be formed into 
cross shapes and used as the marking patterns Ca and Pb. 
Further, the interconnect patterns, bumps Cb, and pads Pb 
formed on the semiconductor chip C and package P may also 
be used as patterns for positioning. 
[0030] Next, the series of operations when the 
semiconductor chip mounting apparatus according to the 
present embodiment mounts a semiconductor chip C on a 
package P will be explained using FIG. 1. First, in 
preparation for the work, a worker stores a plurality of 
semiconductor chips C for mounting on packages P in a 
tray 10. Next, the flow of the mounting operation will be 
explained. First, the worker places a package P on the 
carrying surface of the stage 2 so that its semiconductor 
chip mounting area Pa is exposed at the top surface and 
attaches it to the stage 2 by not shown pins etc. Next, 
the worker operates the input means of the controller 12 
to select attachment of a semiconductor chip C. Note that 
the work up to here may be automated by the mounting 
apparatus . 

(Conveyance Step) 
[0031] The controller 12 controls the drive unit 4c to 
make the holder 4a move to above a semiconductor chip C 
in the tray 10. Next, the controller 12 controls the 
clamping device 4d to clamp the semiconductor chip C and 
hold it at the holding surface 4aa. Next, the controller 
12 controls the drive unit 4c to move the semiconductor 
chip C above the semiconductor chip mounting area Pa of 
the package P and then lower it to bring it close to the 
semiconductor chip mounting area Pa. 

(Positioning Means and Positioning Step) 
[0032] At this time, the semiconductor chip C is 
formed to a thickness passing visible light, so the 
camera 6 captures the marking patterns Pb and Ca through 
the semiconductor chip C and the transparent part 4e. 
Next, the controller 12 analyzes the images of the cross- 
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positioning accuracy, it is preferable to use visible 
light of a wavelength of not more than 760 nm, more 
preferably about 660 nm. Further, to secure a 
transmittance rate of at least 0.1% at a wavelength of 
660 nm, the thickness of the semiconductor chip C is 
preferably made not more than 20 nm. 

[0040] Note that to facilitate the marking patterns Pa 
and Ca being captured by the camera 6, as shown in FIG. 
1, it is preferable to provide a light emitter 14 so as 
to emit visible light to illuminate the marking patterns 
Pb and Ca. The light emitter 14 is for example provided 
adjoining the camera 6, provided around the lens of the 
camera 6, or otherwise provided at a position for 
illuminating the marketing patterns Pb and Ca. 
[0041] Further, in this embodiment, the semiconductor 
chip C was formed with the bumps Cb, while the package P 
(substrate) was formed with the pads Pc, but it is also 
possible to form the pads at the semiconductor chip C 
side and the bumps at the package P (substrate) side and 
reflow the bumps of the package P to attach the 
semiconductor chip C to the package. 

[0042] According to the semiconductor chip mounting 
apparatus and mounting method of the present invention, 
there are the effects that the positional accuracy when 
mounting the semiconductor chip on the package is good, 
the mounting efficiency is good, and the cost is low. 
[0043] While the invention has been described with 
reference to specific embodiments chosen for purpose of 
illustration, it should be apparent that numerous 
modifications could be made thereto by those skilled in 
the art without departing from the basic concept and 
scope of the invention. 



